0 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 463 377 A1 



0 



EUROPEAN PATENT APPLICATION 



® Application number: 91108491.1 


@ Int. CI.5: H03F 3/60 


(g) Date of filing: 24.05.91 




(g) Priority: 25.05.90 JP 136835/90 


0 Applicant: SUMITOMO ELECTRIC INDUSTRIES, 


25.05.90 JP 136836/90 


LTD. 




5-33, Kitahama 4-chome, Chuo-ku 


@ Date of publication of application: 


Osaka-shI, Osaka 541 (JP) 


02.01.92 Bulletin 92/01 






@ Inventor: Shiga, Nobuo, c/o Yokohama Works 


@) Designated Contracting States: 


of 


DE PR GB NL SE 


Sumitomo Electric Ind., Ltd., 1, Taya-cho 




Sakae-ku, Yokohama-shI, Kanagawa(JP) 




© Representative: Lehn, Werner, Dipl.>lng. 




Hoffmann, Eitle & Partner Patentanwalte 




Arabeliastrasse 4 




W-8000 Munchen 81 (DE) 



@ Low noise multi-stage type amplifier. 



® In a low-noise multistage annpllfier operation cur- 
rents of amplifiers in respective stages (in particular, 
first- and final-stage amplifiers) are set so that an 
optimal signal source reflection coefficient Fopt and 8 
parameters are almost not varied by manufacturing 
variations. The lengths of source stubs (4, 13, 22, 



31) connected to FETs of the amplifiers in the re- 
spective stages are optimally set in units of stages 
so that characteristics of the amplifier do not change 
due to the manufacturing variations, and a sufficient 
gain can be obtained. 



Fig. 6 
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BACKGROUND OF THE INVENTION 

(Field of the Invention) 

The present invention relates to a low noise 5 
multi-stage type amplifier used in, e.g., a direct 
satellite (DBS) system. 

(Related Background Art) 

10 

The NF (noise factor) of a multistage amplifier 
constituted by a plurality of FETs (field effect tran- 
sistors) is changed depending on a drain current 
flowing through a drain-source path of each FET. 
For this reason, the operation current of each FET is 
is set to have a drain current value for minimizing 
the NF. 

However, since FETs suffer from manufactur- 
ing variations, threshold value voltages of FETs 
also vary, and as a result, operation current values 20 
vary accordingly. Therefore, even when the opera- 
tion current value of the multistage amplifier is set 
to be a value for minimizing the NF like in the 
conventional amplifier, the NF cannot be stabilized 
due to a variation in operation current value caused 25 
by manufacturing variations of FETs, and the char- 
acteristics of the amplifier become unstable. 

As a conventional multistage amplifier of this 
type, for example, an amplifier described in "X- 
Band Monolithic Series Feedback LNA", IEEE 30 
TRANSACTIONS ON MICROWAVE THEORY AND 
TECHNIQUES, VOL MTI-33, NO. 12. DECEMBER 
1985 is known. This reference discloses a mul- 
tistage amplifier having a three-stage structure us- 
ing FETs each having a gate length of 0.5 um, and 35 
a gate width of 300 um. 

However. In the conventional -^multistage am- 
plifier, a stub to be added to the source of an FET 
in each stage, and an inter-stage matching network 
are not optimally designed. More specifically, the 40 
characteristics of the amplifier are changed due to 
manufacturing variations of FETs. resulting in poor 
I/O impedance matching of the amplifier. 

SUMMARY OF THE INVENTION 45 

The present invention has been made to solve 
the conventional problems of a low-noise multi- 
stage amplifier. 

It is the first object of the present invention to 50 
provide a low-noise multistage amplifier which has 
a stable NF against manufacturing variations. 

In order to achieve the above object. In a low- 
noise multistage amplifier according to the present 
invention, operation current values of first- and 65 
final-stage amplifiers are set to be values which 
can eliminate an influence of a change in drain 
current on an optimal signal source reflection co- 
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efficient fopt and S parameters. 

With this arrangement, even when a drain cur- 
rent is changed due to manufacturing variations of 
FETs, the optimal source reflection coefficient Topt 
and the 8 parameters of the first- and final-stage 
amplifiers which determine I/O characteristics and 
an NF are almost not varied. 

It is the second object of the present invention 
to provide a low-noise multistage amplifier whose 
I/O characteristics are not changed against manu- 
facturing variations. 

In order to achieve the above object, in a low- 
noise multistage amplifier of the present invention, 
microstrip lines, each of which is long enough to 
yield a stabilization index K of not less than 1 and 
is referred to as source stubs hereinafter are con- 
nected to source-ground paths of the FETs used in 
the amplifiers of the respective stages, 

the source stubs of the first- and final-stage 
amplifiers are longer than the source stubs of 
intermediate-stage amplifiers, 

an input matching network connected to the 
first-stage amplifier minimizes a noise factor. 

an inter-stage matching network between the 
intermediate-stage amplifier in the second stage 
and the first-stage amplifier causes an optimal 
source reflection coefficient Fopt and a complex 
conjugate Si 1 * of a parameter Si 1 of the FET in 
the first stage to coincide with each other, and 

inter-stage matching networks connected to the 
amplifiers after the intermediate-stage amplifier in 
the second stage, and an output matching network 
connected to the final-stage amplifier maximize a 
gain. 

With this arrangement, since sufficiently long 
stubs are connected to the sources of FETs in a 
first-stage amplifier which has a large influence on 
an NF of the overall amplifier, and determines an 
input impedance, and in a final-stage amplifier 
which determines an output impedance, a feedback 
amount can be increased, and I/O characteristics of 
the amplifier are less influenced by manufacturing 
variations of FETs. Since the length of a stub to be 
connected to an FET of an inter-stage matching 
network is set to be rather shorter, it is advanta- 
geous to increase a gain of the entire circuit. 

The present invention will become more fully 
understood from the detailed description given 
hereinbelow and the accompanying drawings which 
are given by way of illustration only, and thus are 
not to be considered as limiting the present inven- 
tion. 

Further scope of applicability of the present 
invention will become apparent from the detailed 
description given hereinafter. However, it should be 
understood that the detailed description and spe-. 
cific examples, while indicating preferred embodi- 
ments of the invention, are given by way of illustra- 
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tion only, since various changes and modifications 
within the spirit and scope of the invention will 
become apparent to those skilled in the art form 
this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a graph showing the relationship be- 
tween a drain current l^s and Topt of a pulse 
doped structure PET; 

Pig. 2 is a graph showing the relationship be- 
tween the drain current l^s and a parameter Si i 
of the pulse doped structure PET; 
Pig. 3 is a graph showing the relationship be- 
tween the drain current Ids and a parameter S22 
of the pulse doped structure PET; 
Fig. 4 is a graph showing the relationship be- 
tween the drain current Ids and a noise factor 
NPmin of the pulse doped structure PET; 
Fig. 5 is a graph showing the relationship be- 
tween a drain voltage V^s and the drain current 
Ids of the pulse doped structure PET; 
Fig. 6 is a circuit diagram showing a low-noise 
multistage amplifier having a four-stage struc- 
ture according to an embodiment of the present 
Invention: 

Rg. 7 is a graph showing the relationship be- 
tween the gate length and a stabilization index K 
of the pulse doped structure PET; 
Rg. 8 is a graph showing the relationship be- 
tween the gate length and a distance between 
Topt and Si 1* of the pulse doped structure PET; 
Rg. 9 is a graph showing the relationship be- 
tween the gate length and the stabilization index 
K of the pulse doped structure FET; and 
Pig. 10 is a graph showing the relationship be- 
tween the gate length and a parameter S21 of 
the pulse doped structure FET. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

A multistage amplifier according to an embodi- 
ment of the present invention will be described 
below. . 

The multistage amplifier of this embodiment 
employs a GaAs MESPET having a pulse doped 
structure. In the pulse doped structure, a pulse 
doped GaAs layer in which carriers are trapped is 
applied to an active layer of the MESFET. The 
drain current dependency of an optimal signal 
source reflection coefficient Fopt and S parameters 
of the pulse doped structure FET is shown In Figs. 
1, 2, and 3. The characteristics shown in Figs. 1 to 
3 are measurement results of a pulse doped PET 
having a gate length of 0.3 um, and a gate width of 
280 um. 

Fig. 1 is a graph showing the relationship be- 



tween a drain current Ids (abscissa) and an absolute 
value jToptl (ordinate) of Fopt of the pulse doped 
FET, and the relationship between the drain current 
Ids and a phase angle /.Fopt [deg] (ordinate) of Fopt. 

5 In Fig. 1, black dots represent |ropt|, and white dots 
represent Z-Fopt- Fig. 2 is a graph showing the 
relationship between the drain current Ids - 
(abscissa), and an absolute value |Sii| (ordinate) of 
a parameter Sn of the pulse doped FET, and the 

70 relationship between the drain current Ids and a 
phase angle Z.Sn [deg] (ordinate) of Sn. In Pig. 2, 
black dots represent |Sii|. and white dots represent 
2LS11. Fig. 3 is a graph showing the relationship 
between the drain current Ids (abscissa) and an 

15 absolute value IS22I (ordinate) of a parameter S22 
of the pulse doped PET, and the relationship be- 
tween the drain current Ids and a phase angle Z.S22 
[deg] (ordinate) of S22. In Pig. 3, black dots repre- 
sent IS22I, and white dots represent Z.S22- 

20 The drain current dependency of an NF of this 

pulse doped FET is shown in Fig. 4. In Fig. 4, the 
drain current Ids [mA] is plotted along the abscissa, 
and a noise factor NPmm [dB] is plotted along the 
ordinate. Black dots represent characteristics when 

25 the frequency is 18 [GHz], and white dots repre- 
sent characteristics when the frequency is 12 
[GHz]. As can be understood from Fig. 4, the MP of 
the FET is minimum when the drain current Ids is 
about 12 mA regardless of the frequency. For this 

30 reason, In a conventional amplifier, the operation 
current value of each stage of the multistage am- 
plifier is set at 12 mA. However, as can be under- 
stood from Pigs. 1 to 3. Fopt and the parameters 
S11 and S22 when the drain current is about 12 mA 

35 are largely changed when the drain current Ids is 
changed slightly. 

As described above, when the threshold value 
voltage of the FET is changed due to manufactur- 
ing variations of FETs. the drain current Ids is 

40 changed accordingly. Therefore, a bias current is 
varied. For this reason, Fopt and the parameters 
Sn and S22 are largely varied due to the variation 
in bias current. Thus, paying attention to the fact 
that the influence of the change in drain current Ids 

45 on Fopt and the parameters Sn and S22 is small 
when the drain current Ids is about 30 mA, the 
operation current value of the amplifier is set at 
about 30 mA. When the bias point of the amplifier 
is set in this manner, even when the drain current 

50 Ids is changed by about tiO%, Fopt and the param- 
eters Sn and S22 are almost not changed. More 
specifically, even when the threshold value voltage 
is varied more or less, the NF and the I/O Imped- 
ance are almost not influenced by the change in 

55 threshold value voltage. 

When the drain current Ids is set at about 30 
mA, the NF becomes slightly larger than its mini- 
mum value. However, the NF of the pulse doped 
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FET has a very small drain current dependency. 
For this reason, operation current values of FETs 
used In first- and final-stage amplifiers are prefer- 
ably set at a bias point which is less influenced by 
manufacturing variations, so that an average value 
of variations in NF can be decreased as a whole, 
and I/O characteristics can be stabilized. As a 
result, a total manufacturing yield can be improved. 

Fig. 6 is a circuit diagram showing an embodi- 
ment of a low-noise four-stage amplifier designed 
according to the concept of the present invention. 
Operation current values of first- and final-stage 
amplifiers are set to be a value which is less 
influenced by Topt and S parameters. 

As described above, the low-noise multistage 
amplifier employs GaAs MESFETs Q1 to Q4 hav- 
ing the pulse doped structure. An input matching 
network 51 comprising microstrip lines 1 and 2. 
and a capacitor 3 is arranged at the input side of a 
first-stage amplifier comprising the FET Q1. The 
source of the FET Q1 Is connected In series with a 
microstrip line 4 and a resistor R1, and a capacitor 
5 is connected in parallel with the resistor R1. An 
inter-stage matching network 52 comprising micro- 
strip lines 6 to 9, capacitors 10 and 11, and a 
resistor 12 is arranged at the input side of a 
second-stage amplifier comprising the FET Q2. 
The source of the FET Q2 is connected in series 
with a microstrip line 13 and a resistor R2, and a 
capacitor 14 is connected in parallel with the resis- 
tor R2. 

An inter-stage matching network 53 comprising 
microstrip lines 15 to 18, capacitors 19 and 20, and 
a resistor 21 Is arranged at the input side of a third- 
stage amplifier comprising the FET 03. The source 
of the FET 03 is connected In series with a micro- 
strip line 22 and a resistor R3. and a capacitor 23 
is connected in parallel with the resistor R3. An 
Inter-stage matching network 54 comprising micro- 
strip lines 24 to 27, capacitors 28 and 29. and a 
resistor 30 is arranged at the input side of a final- 
stage amplifier comprising the FET 04. The source 
of the FET 04 is connected in series with a micro- 
strip line 31 , and a resistor R4, and a capacitor 32 
is connected in parallel with the resistor R4. Fur- 
thermore, an output matching network 55 compris- 
ing microstrip lines 33 and 34, capacitors 35 and 
36, and a resistor 37 is arranged at the output side 
of the final-stage amplifier. 

In the multistage amplifier with the above ar- 
rangement, the operation current values of the 
FETs 01 and 04 constituting the first- and final- 
stage amplifiers are set at 30 mA. and the opera- 
tion current values of the FETs 02 and 03 con- 
stituting the second- and third-stage amplifiers are 
set at 12 mA. For this purpose, the resistances of 
the resistors R1 to R4 connected In series with the 
sources of the FETs 01 to 04 are set as follows. 



More specifically, Fig. 5 shows the relationship 
between a drain voltage V^s and the drain current 
Ids of the pulse doped FET having a gate length of 
0.3 M-m, and a gate width of 280 um used in this 

5 multistage amplifier. In Fig. 5, the drain voltage Vds 
[V] is plotted along the abscissa, and the current Ids 
[mA] is plotted afong the ordinate. The relationship 
between these current and voltage is expressed to 
have a gate voltage Vg having a step of -0.2 V as a 

10 parameter. 

As can be seen from Fig. 5, when the drain 
currents Vds of the FETs 01 and 04 are set at 2 V, 
the gate voltage Vg can be set at -0.4 V in order to 
set the drain current Ids to be 30 mA. In order to 

16 set the gate voltage Vg to be -0.4 V. the resis- 
tances of the resistors R1 and R4 can be set at 
about 13 0 (0.4 V - 30 mA). Similarly, as can be 
seen from Fig. 5, when the drain voltages of the 
FETs 02 and 03 are set at 2 V. the gate voltage 

20 Vg can be set at about -0.6 V in order to set the 
drain current Ids to be 12 mA. In order to set the 
gate voltage Vg to be -0.6 V, the resistances of the 
resistors R2 and R3 can be set at about 50 D (0.6 
V -s- 12 mA). 

25 In this manner, in a low-noise amplifier having 

a multistage arrangement using pulse doped FETs 
each having a gate length of 0.2 to 0.5 um and a 
gate width of 280 um, the operation current values 
of the FETs constituting the first- and final-stage 

30 amplifiers are set at about 30 mA, and the opera- 
tion current values of the FETs constituting the 
intermediate-stage amplifiers are set at about 12 
mA, thus obtaining an amplifier having a stable NF 
and I/O impedance. If there Is a margin for a 

35 consumption current, the operation current values 
of Intermediate-stage amplifiers, e.g., the amplifiers 
using the FETs 02 and 03 in the above embodi- 
ment, can also be set at 30 mA. That is, the 
operation current values of the amplifiers in all the 

40 Stages can be set at about 30 mA. In this case, a 
circuit arrangement which Is resistant against man- 
. ufacturing variations of FETs can be obtained, and 
a low-noise amplifier having more stable character- 
istics can be provided. 

45 The above description is associated mainly 

with operation currents (DC components) of FETs. 
An improvement of 1/0 characteristics paying atten- 
tion to AC components will be explained below. 
In order to attain low-noise characteristics of an 

60 amplifier, it is effective to shorten the gate length of 
an FET to be used. An FET having a short gate 
length has a small stabilization index K. 

Fig. 7 is a graph showing measurement results 
of the relationship between the gate length and the 

65 stabilization index K of a pulse doped structure 
FET having a gate width of 280 um. In Fig. 7, the 
gate length [um] Is plotted along the abscissa, and 
the stabilization index K is plotted along the or- 
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dinate. An FET having a stabilization index K of 1 
or more (K ^ 1) is unconditionally stabilized. How- 
ever, in an FET having a stabilization index K of 
less than 1 (K < 1), since unstable regions are 
present on input and output impedance planes, an 
input and an output cannot be simultaneously 
matched. 

In general, a signal source reflection coefficient 
Topt for minimizing the NF of an FET, and a com- 
plex conjugate S^^* of an input reflection coefficient 
Si 1 for maximizing the gain of the amplifier 
(attaining input matching) do not coincide with each 
other. Therefore, when the NF is to be minimized. 
Input matching is considerably impaired. On the 
contrary, when the input matching is to be attained, 
the NF is degraded. For this reason, as is well 
known, a stub is connected to the source of the 
FET, and a load of the FET is appropriately se- 
lected, so that Topt and Si r coincide with each 
other. 

Fig. 8 is a graph showing the relationship 
among r^pt, Sn*, and the length of the source 
stub. The graph of Fig. 8 shows simulation results 
of the relationship between a distance between Topt 
and Sii* on the Smith chart, and the length of the 
source stub for a pulse doped structure FET having 
a gate length of 0.3 um. and a gate width of 280 
um. In Fig. 8, the stub length [um] is plotted along 
the abscissa, and a distance Ifopi - Sii*| is plotted 
along the ordinate. Black dots represent character- 
istics when a stub having a stub width of 20 um is 
connected, white dots represent characteristics 
when a stub having a stub width of 40 um is 
connected, cross marks represent characteristics 
when a stub having a stub width of 60 um is 
connected, and triangular marks represent char- 
acteristics when a stub having a stub width of 80 
um is connected. 

As can be understood from Fig. 8, when a stub 
having a predetermined length is connected to the 
source of the FET, Fopt and SiT can become 
closer to each other. Furthermore, when a load 
Impedance of the FET is set to be a predetermined 
value. Topi and Sn* can be caused to coincide with 
each other. 

Fig. 9 is a graph showing simulation results of 
the relationship between the source stub length 
and the stabilization index K. This simulation was 
conducted using a pulse doped structure FET hav- 
ing a gate length of 0.3 um and a gate width of 
280 um like in the simulation shown in Fig. 8. In 
Fig. 9. the stub length [um] is plotted along the 
abscissa, and the stabilization index K is plotted 
along the ordinate. Like in Fig. 8, black dots repre- 
sent characteristics when a stub having a stub 
width of 20 um is connected, white dots represent 
characteristics when a stub having a stub width of 
40 um is connected, cross marks represent char- 
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acteristics when a stub having a stub width of 60 
um is connected, and triangular marks represent 
characteristics when a stub having a stub width of 
80 um is connected. 
5 As can be understood from Fig. 9, the stabiliza- 

tion index K of the FET almost does not depend on 
the source stub width, and the stabilization index 
becomes almost 1 when the stub length is about 
300 um. 

10 Fig. 10 shows simulation results of the relation- 

ship between the source stub length and the gain 
of the FET. The simulation was conducted using a 
pulse doped structure FET having the same gate 
length and gate width as in Figs. 8 and 9. In Fig. 

75 10, the source stub length [um] is plotted along the 
abscissa, and S21 [dB] is plotted along the or- 
dinate. Like in Rgs. 8 and 9, black dots represent 
characteristics when a stub having a stub width of 
20 um is connected, white dots represent char- 

20 acteristics when a stub having a stub width of 40 
um is connected, cross marks represent character- 
istics when a stub having a stub width of 60 um is 
connected, and triangular marks represent char- 
acteristics when a stub having a stub width of 80 

25 um is connected. As can be understood from Rg. 
10, as the source stub length is increased, a feed- 
back amount is increased, and the gain is de- 
creased. 

From Figs. 7 to 10, the following facts are 
30 found. 

® From Fig. 7, in order to realize low-noise 
characteristics of an amplifier, the FET prefer- 
ably has a short gate length. However, when the 
gate length Is decreased, the stabilization Index 
35 K is undesirably decreased. 

@ From Fig. 8, when the length of the stub to 
be connected to the source of the FET is in- 
creased, a distance between the optimal signal 
source reflection coefficient Fopt and the com- 
40 plex conjugate Si T of the input reflection coeffi- 
cient S11 can be reduced, and Fopt and Sn* can 
be caused to coincide with each other upon 
combination with a load impedance. 
@ From Fig. 9, when the source stub length is 
45 increased, the stabilization index K becomes 1, 
and the amplifier can be stabilized. 
@ From Fig. 10. when the source stub length is 
increased, the gain of the amplifier is decreased. 
As can be seen from the above description, 
50 when the source stub length is Increased, the feed- 
back amount is increased, and the amplifier can be 
stabilized against manufacturing variations of FETs, 
thus increasing the manufacturing yield. However, 
the gain of the amplifier is decreased. 
56 For this reason, in this embodiment, amplifica- 

tion characteristics of the respective stages are 
optimized by means of source stub lengths in 
accordance with roles of the respective stages of 

5 
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the multistage amplifier. More specifically, a source 
stub which is long enough to yield a stabilization 
index K of 1 or more is connected to the FET of 
the amplifier of each stage. In the first-stage am- 
plifier which largely influences the NF of the overall 
amplifier, and determines an input impedance, and 
in the final-stage amplifier which determines an 
output impedance, relatively long source stubs are 
used to eliminate the influence of manufacturing 
variations of FETs, and in the intermediate-stage 
amplifiers, relatively short source stubs are used so 
as to obtain a high gain as much as possible. 

The source stub will be described in detail 
below with reference to Rg. 6 again. Each of pulse 
doped structure FETs Q1 to Q4 in this amplifier 
has a small gate length of 0.5 um or less, and 
stubs 4, 13, 22, and 31 comprising microstrip lines 
are connected to the sources of the FETs Q1 to 
Q4. Source stub lengths Lsl and Ls4 of the stubs 4 
and 31 in the first- and final-stage amplifiers are set 
to be 700 um, and their stub widths Wsl and Ws4 
are set to be 40 um. Source stub lengths Ls2 and 
Ls3 of the stubs 13 and 22 in the second- and 
third-stage amplifiers are set to be 400 um. and 
their stub widths Ws2 and Ws3 are set to be 40 
um. 

An input matching network 51 comprising 
microstrip lines 1 and 2, and a capacitor 3 is 
connected to the first-stage amplifier. The Input 
matching network 51 and the stub 4 can cause an 
external impedance to match the signal source 
reflection coefficient Fopt, and the influence of man- 
ufacturing variations of FETs on the characteristics 
of the amplifier can be eliminated. An inter-stage 
matching network 52 comprising microstrip lines 6 
to 9, and a capacitor 10 is connected to the 
second-stage amplifier. The matching network 52 
and the stub 13 can cause Topt of the first-stage 
amplifier to coincide with Si i*. 

An inter-stage matching network 53 comprising 
microstrip lines 15 to 18, and a capacitor 19 is 
connected to the third-stage amplifier. An inter- 
stage matching network 54 comprising microstrip 
lines 24 to 27, and a capacitor 28 is connected to 
the fourth-stage amplifier. The matching network 53 
and the stub 22 convert S22 of the second-stage 
amplifier into Si ^ of the third-stage amplifier, and 
the matching network 54 and the stub 31 convert 
S22 of the third-stage amplifier S22 into Si 1 of the 
fourth-stage amplifier. For this reason, the gain of 
the amplifier can be maximized. 

An output matching network 55 comprising 
microstrip lines 33 and 34, and a capacitor 36 is 
also connected to the final-stage amplifier. The 
matching network 55 and the stub 31 can eliminate 
the influence of manufacturing variations of FETs 
on the output characteristics of the amplifier. 

As can be understood from Fig. 9, when the 



source stub length is set to be 400 um, the sta- 
bilization Index K can become almost 1 on an 
average with respect to manufacturing variations of 
FETs. but is in a dangerous state. Therefore, when 
5 the source stub lengths of the first- and final-stage 
amplifiers are set to be 700 um, the amplifier can 
be stabilized against variations in Fopt and S pa- 
rameters although the gain is rather sacrificed, and 
the total yield can be increased. 
10 The present invention is not limited to the 

above embodiment. For example, a three-stage 
amplifier using FETs each having a small gate 
length of 0.5 um or less is designed as follows. 
More specifically, a microstrip line having a width 
76 of 20 to 80 um, and a length of 600 to 800 um is 
arranged in the source-ground path of the FET of 
the first-stage amplifier, and an input matching 
network is designed to minimize the NF. A micro- 
strip line having a width of 20 to 80 um, and a 

20 length of 300 to 500 um is arranged in the source- 
ground path of the FET of the second-stage am- 
plifier, and an inter-stage matching network is de- 
signed to cause Fopt of the first-stage amplifier 
including the microstrip line In the source-ground 

25 path to coincide with SiT. A microstrip line having 
a width of 20 to 80 um, and a length of 600 to 800 
um IS arranged in the source-ground path of the 
FET of the final-stage amplifier, and an inter-stage 
matching network and an output matching network 

30 are designed to maximize a gain. 

As for a multistage amplifier including four 
stages or more, microstrip lines each having a 
width of 20 to 80 um, and a length of 300 to 500 
um are connected in the source-ground paths of 

35 the FETs of amplifiers in the third and subsequent 
stages excluding the final-stage amplifier, and inter- 
stage matching networks are designated to maxi- 
mize a gain. 

From the invention thus described, it will be 

40 obvious that the invention may be varied in many 
ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the inven- 
tion, and all such modifications as would be ob- 
vious to one skilled in the art are intended to be 

45 included within the scope of the following claims. 

Claims 

1. A low-noise multistage amplifier constituted by 
50 connecting a plurality of stages of amplifiers 

each comprising an FET, wherein operation 
current values of first- and final-stage amplifi- 
ers are set to be values which can eliminate an 
influence of a change in drain current on an 
55 optimal signal source reflection coefficient Fopt 

and S parameters. 

2. An amplifier according to claim 1, wherein the 
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operation current values of the first- and final- intermediate-stage amplifiers are 300 to 500 

stage amplifiers are set to be values larger um. 
than a current value at which a noise factor is 
minimized. 

5 

3. An amplifier according to claim 2, wherein the 
FET comprises a pulse doped FET. 

4. An amplifier according to claim 3, wherein the 
pulse doped FET has a gate length of 0.2 to io 
0.5 um, and a gate width of about 280 um. 

and the operation current values of the first- 
and final-stage amplifiers are set at about 30 
mA. 

15 

5. An amplifier according to claim 3, wherein op- 
eration current values of intermediate-stage 
amplifiers arranged between the first- and final- 
stage amplifiers are set to be values which can 
eliminate an influence of a change In drain 20 
current on the optimal signal source reflection 
coefficient Topt and the S parameters. 

6- A low-noise multistage amplifier constituted by 

connecting a plurality of stages of amplifiers 25 
each comprising an FET. wherein source stubs 
each of which is long enough to yield a sta- 
bilization index K of not less than 1 are con- 
nected to source-ground paths of the FETs 
used in the amplifiers of the respective stages, 30 

the source stubs of the first- and final- 
stage amplifiers are longer than the source 
stubs of intermediate-stage amplifiers, 

an input matching network connected to 
the first-stage amplifier minimizes a noise fac- 35 
tor. 

an inter-stage matching network between 
the Intermediate-stage amplifier in the second 
stage and the first-stage amplifier causes an 
optimal signal source reflection coefficient Fopt 4q 
and a complex conjugate Sn* of a parameter 
S11 of the FET in the first stage to coincide 
with each other, and 

inter-stage matching networks connected 
to the amplifiers after the intermediate-stage 45 
amplifier in the second stage, and an output 
matching network connected to the final-stage 
amplifier maximize a gain. 

7. An amplifier according to claim 6, wherein the so 
FET comprises a pulse doped FET. 

8. An amplifier according to claim 7, wherein the 
pulse doped FET has a gate length of 0.2 to 

0.5 um, and a gate length of about 280 um, 55 
and lengths of the source stubs of the first- 
and final-stage amplifiers are 600 to 800 um, 
and lengths of the . source stubs of the 
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Fig. 3 
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Fig. 10 
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